It is shown that we can account for the photodisintegration of the deuteron near 11 Mev in consistence with nucleon-nucleon scattering at the corresponding energy. Some features of nuclear forces are elucidated in this analysis. It is shown that the phase shift of the singlet even state is somewhat smaller than that previously supposed, and the phase shifts of the triplet odd state are not small at such an energy. § I. Introduction
The investigntion of photodisintegration of the deuteron is very important for understanding of nuclear forces. However, its complete treatment has not yet been performed. The characteristic feature in the photodisintegration of the deuteron is that the isotropic part in the angular distribution is large. 1 >· 2 ' Many authors have tried to account for the large isotropic part from different points of view. 3 > However, reasonable explanation has scarcely been given, and fair agreement between theoretical results and the experimental data is obtained only in a few treatments, 4 >
In this paper we shall show that we can account for the photodisintegration of the deuteron near 11 Mev 5 > in consistence with p-p scattering at 18.2 ± 0.2 Mev, 6 > Then some featur'es of nuclear forces can be elucidated in our analysis,S> and discussions are made on these properties of nuclear forces.
In the photodisintegration of the deuteron, most of the contribution comes from the electric dipole (e. d.) ~d the magnetic dipole (m. d.) transitions/> As is well known, the final states of e .. d. and m. d. are 3 0 (the triplet odd state) and 1 E (the siglet even state) , * 8 ) and these states are just the only two states that are concerned with p-p scattering. Now the important point to be paid attention is that there exists large ambiguity in the determination of the phase shifts in p-p scattering, 9 > and on the other hand the phase shifts are very sensistive to the cross sections of photodisintegration of the deuteron. On account of this we make use of the phase shifts, which fit p-p scattering data, for the cakulation of the photodisintegration of the deuteron. In this paper the photodisintegration of the deuteron at ET = 11.3 Mev corresponding to 18, 2 Mev p-p scattering is treated.
In § 2 the formulas for computations are given, and our method is explained, In § 3 we show the calculated results and comparison with experiments. Then the features of 1 E and 3 0 brought out by our calculation are illustrated in § 4. Finally the conclusions are summarized in § 5. § 2. Preliminary for our work
The symbols used in this paper are as follows.
ET
Energy of the incident r ray in c. M. s.
M
Mean mass of neutron and proton. D. : At our energy the situation is rather simple (because the energy is low) . A number of effects which give merely small contributions can be neglected. The electric quadrupole (e. q.) cross section is about 0.2% of ff6 d 7 ', and the magnetic quadrupole cross section is much smaller. 7 ' Therefore, these two may be safely neglected.* In ffmrt the contribution from the exchange current is still small at ET:::::::. 10 Mev, 10 l and the transition to the continuous 3 S1 + 3 D1 state is only of the order of e. q. near our energy. 8 > Therefore the transitions to be considered are only e. d. corresponding to 3 S 1 + 3 Dc-') 3 P 0 , 3 P 10 3 P 2 , and m. d. corresponding to 3 Sc-') 1 S0 , 3 D 1 ----?> 1 D2 without including the exchange current. 8 
>
The formulas for these transitions are as follows. 
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In what follows we explain our method in detail.
I. Wave function of ,the deuteron.
In the calculation we used two sorts of wave functions of the deuteron. One is that obtained from phenomenological potential without hard core, which is given ·by Feshbach and Schwinger.ll) Its D-state probability is 2.5%. The other one is that derived from the pion potential, and i~ has a small hard core, which is given by I-0-T-W} 2 
>
The D-state probability of it is 6.4%.
The former is obtained by adjusting the parameters of the Y ukawa type potential without hard core, so that it can account for the low energy and the deuteron data. The latter is derived from the pion potential at r > 1 /k (because the inner potential is not well established, and the deuteron data depend on the behavior at r > 1 /k), and it can reproduce the scattering and the deuteron data. It is interesting to see what sort of differences will appear between these two cases.
The approximate forms, which we used in the calculation, of the wave functions of the deuteron for the above two cases are as follows. The approximation of w a of ( 8 · b) is not good at r < 1 /k, and we used a smooth curve, so that it falls to zero at r = 0 in stead of ( 8 · can be computed at once using the formulas (1)-. (3). Because U 11 is small at small distances, and because there is a factor r in I!i, the contribution from small r is unimportant, and we may approximate UH by
There may anse a question that, Uli of (9) tends to oo at r=O, and therefore the approximation (9) may not be good enough. Nevertheless we can prove that the ap· proximation (9) is not bad. (See Appendix A.) 2) M.D. In the computation of m. d. special attention is needed. As we can see from l 00 of ( 6) , the contribution from small distances is important for this case. U0 at small distances is quite unknown, if only i30° is given. However, we can estimate the lower ~nd the upper limits of ! 00 (and therefore the lower and the upper limits of umd and u!J:,l) •
The lower limit of I 00 can be obtained, if D, is given (The relation between the phase shifts and the hard core radius will be discussed later) , by putting U0 as (10) and choose ( so that it satisfies the effective range theory. The upper limit of [00 can be estimated as follows.
The simplest way to compute the upper limit is to use (10)' However, to reduce the indeterminancy it is better to use We used the phase shifts of p-p scattering at 18.2 Mev given by Clementel et al. 9 > and Iwadare et al. 11 > to the computation of the photodisintegration of the deuteron at 11.3 Mev.
These phase shifts are given in Table 2 . The six sets corresponding to - 
In what follows we show the calculated result, and compare it with the experiment.
For convenience we denote [a of (7) by fa (phe), meaning that it is derived from phenomenological potential. Also we denote fa of (8) by fa (rr), by which we mean that it is derived from the pion potential.
The calculated results, when we assume special values of D. in the computation of o-!%, 1 and o-ma, are shown in Table 3 and Table 3 and 4 are presented in Fig. 1 and fa (rr), the results of Table 3 and of Table 4 are quite similar.
From these tables we see at once that 1) although there exist some differences among the calculated values of o-T, all sets can account for o-T within the experimental error,* 2) the term sin 2 fl cos 0, which is due to the interference of e. d. and e. q., is not interesting** because the calculated results of the seven sets are very similar. Therefore we shall not touch these further in what follows.
The most important one to be paid attention, is ajb which is strongly dependent on the features of the phase shifts. We may understand that special conditions are necessary to account for the experimental·value of a/b (although the indeterminancy of a/b is still large). Concerning ajb we can comprehend the following properties of nuclear force. 1) ajb's of the first three sets corresponding to i3o 0 =43.7° fall into the required region, 0.05±0.02, while ajb's of the last three sets corresponding to i30°=50.5° do not. Also it seems that the set D corresponding to i30°=48.3° would fail. It is owing to the largeness of o-!!'a and a-!~ in the first three sets, which are obtained with the smaller aoo and the larger ali' that the first three sets can account for the experimental ajb (within the experimental error). We shall discuss this point• again in § 4.
* There exists important relation between IJ'T and the triplet odd potential, about which we shall illustrate in another paper. ** Except a case in which the theoretical value is found to be different from the (future) experimental value. 2) The calculated results are almost the same for both of j;1 (phe) and j;1 (7r).
Generally speaking, the•cross sections for j;1 (n) are a little larger than those for j;1 (phe) at our energy.
Because the difference is not large, it shows that the influence of the wave function of the deuteron is small at low energies, as it is expected.
3) From the dependence of a'!?'ut (and O"" m,1) on i'i0 ° we see that, the smaller i'i0° is, the larger O""~a (and O""ma) is. It indicates that smaller i'i0° is favourable to the photodisintegration of the deuteron. The physical meaning of this will be illustrated in ~ 4.
4) From the dependence of u!~ on i'i/ we see that as i'i/ are larger (in absolute value)
.and more separated, u!~ is larger. The physical meaning of this will also be discussed § 4. consistence with one another, iJ 0° would be smaller, and iJ/, iJ/, iJ/ would be larger and more separated from one another, than they have been supposed up to today ". § 5.
Conclusion
We summanze the results obtained in this paper m the following.
1) We can account for the photodisintegration of the deuteron near ET= 11 Mev in consistence with p-p scattering, if we take iJ0° to be somewhat smaller than that previously supposed, and the phase shifts of 3 P states larger than those previously given.
2) Generally speaking, if iJ0° is smaller, <T!!'d is increased, and makes the isotropic part larger, which is favourable for the photodisintegration of the deuteron. It seems that 1 E potential would be somewhat more repulsive than previously estimated at energies above 10 Mev for nucleon-nucleon scattering. From the analysis of § 3 and § 4 it seems to be iJ0° $48 ° for 18 Mev nucleon-nucleon scattering.
3) Generally speaking, if the three phase shifts of 3 P are larger (in the absolute value) and more separated from one another, <T~~ is larger, and it is favourable for the photodisintegration of the deuteron. These phase shifts are no longer small for 18 Mev nucleon-nucleon scattering. iJ0° would be smaller, and iJ/ would be larger and separated from one another, than those previously given.
5) The influence of the wave function of the deuteron is small at ET-11 Mev.
Similar analysis at higher energies to show up many properties of nuclear forces and further analysis near our energy to reveal a concrete shape of the nuclear potential are now being carried out and will be published in due time.
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